ABSTRACT: Trained sensory panel ratings and Warner-Bratzler shear force (WBS) values from the Beef Customer Satisfaction study are reported. Carcasses were chosen to fit into USDA quality grades of Top Choice (upper two-thirds of USDA Choice), Low Choice, High Select, and Low Select. A trained, descriptive attribute panel evaluated top loin, top sirloin, and top round steaks for muscle fiber tenderness, connective tissue amount, overall tenderness, juiciness, flavor intensity, cooked beef flavor intensity, and cooked beef fat flavor intensity. Four steaks from each of the three cuts from each carcass were assigned randomly to one of four cooking endpoint temperature treatments (60, 65, 70, or 75°C) for WBS determination. For all trained panel measures of tenderness and WBS, regardless of USDA quality grade, top loin steaks were rated higher than top sirloin steaks, which were rated higher than top round steaks (P < 0.05). There were significant interactions between USDA quality grade and cut for most of the trained sensory panel traits: USDA quality grade influenced ratings for top loin steaks more than ratings for top round steaks or top sirloin steaks. Three
Introduction
Meat science research has long used objective laboratory methods such as trained sensory panel and War- Table 1 . Least squares means for cut × USDA quality grade effect on sensory panel ratings (8 = extremely tender, none, extremely juicy, and extremely intense; 1 = extremely tough, abundant, extremely dry, and extremely bland) Means lacking a common superscript letter within a subheading differ (P < 0.05).
1993). Additionally, the sensory descriptors used in trained panels may not always have the same meaning to consumers, which can make interpretation of results difficult (Chambers and Bowers, 1993) . Because of the expense of performing in-home consumer research, it would be beneficial if trained sensory panels and objective measures of tenderness, such as Warner-Bratzler shear force, could be used to predict consumer responses for palatability. Shackelford et al. (1991) , using two different datasets on top loin steaks, identified minimal shear force threshold levels related to consumer ratings that were important to the retail and foodservice markets. These thresholds have been used in the livestock and meat industry as targets to show that cooked steaks most likely would be acceptable to consumers. There is no large-scale research showing trained sensory panel and consumer evaluations for beef.
In our previous papers (Neely et al., 1998 Lorenzen et al., 1999; Savell et al., 1999) , we reported the consumer responses from the Beef Customer Satisfaction Study. This paper (1) presents the trained sensory panel and Warner-Bratzler shear force information from this study and (2) discusses the relationships between the findings from the controlled labo- Table 2 . Least squares means for cut effect on sensory panel ratings (8 = extremely tender, extremely intense, and extremely intense; 1 = extremely tough, extremely bland, and extremely bland) Means within a row lacking a common superscript letter differ (P < 0.05).
ratory phase and the trends from the consumer in-home evaluation phase.
Materials and Methods
This study is an extension of the Beef Customer Satisfaction Study; therefore, carcass selection, steak processing, and consumer recruitment followed procedures described by Neely et al. (1998) . Briefly, Top Choice (upper two-thirds of USDA Choice), Low Choice, High Select, and Low Select carcasses (n = 150 each) were selected from three packing facilities in Colorado, Texas, and Nebraska, and the strip loin, top sirloin, and top (inside) round subprimals from each side were obtained and stored for an aging period of 14 to 21 d at 1°C. Steaks from each subprimal were cut, packaged, frozen, and shipped to consumer households (n = 300 in each city) in Houston, Chicago, Philadelphia, and San Francisco. Each household had two respondents who evaluated steaks for a total of 600 consumers in each city and 2,400 consumers in the study (2,212 consumers completed the study). Steak samples also were taken from each top loin, top sirloin, and top round for trained sensory evaluation and Warner-Bratzler shear force determination. Consumer data from this study have been published by Neely et al. (1998 Neely et al. ( , 1999 , Lorenzen et al. (1999) , and Savell et al. (1999) .
Sensory
Evaluation. An eight-member trained descriptive attribute panel (AMSA, 1995) evaluated each cooked steak for muscle fiber tenderness (MFT), connective tissue amount (CTA), overall tenderness (OTEND), juiciness (TJUIC), flavor intensity (FLAV), cooked beef flavor intensity (BEEFY), and cooked beef fat flavor intensity (FAT) using 8-point scales (8 = extremely tender, none, extremely tender, extremely juicy, extremely intense, extremely intense, and extremely intense; 1 = extremely tough, abundant, extremely tough, extremely dry, extremely bland, extremely bland, and extremely bland). Steaks were cooked on a Farberware Open Hearth broiler (Farberware Company, Bronx, NY). Internal temperatures were monitored with a copper constantan thermocouple inserted into the geometric center of each steak, and temperatures were recorded on an Omega hand-held thermometer model HH-72T (Omega Engineering Inc., Stanford, CT). Steaks were cooked to an internal temperature of 35°C, flipped, and cooked to a final internal temperature of 70°C.
Evaluations were performed at Texas A&M University in the Meat Science Sensory Testing facility according to AMSA (1995) procedures. Six samples were evaluated per session, and two sessions per day were held. Sensory evaluations were conducted 3 d/wk. Samples were randomized by quality grade level and cut within sensory day to minimize first or last order bias. Thus, panelists evaluated a complete set (12 samples) of treatments each day. Samples were presented at 4-min intervals with a 20-min break between sessions to further minimize taste fatigue. Panelists were secluded in partitioned booths with controlled levels of incandescent light, which were separated from the meat preparation area. Means lacking a common superscript letter differ (P < 0.05).
Warner-Bratzler Shear Force Determination. Warner-
Bratzler shear force values were determined according to AMSA (1995) guidelines. One of four steaks from each animal was assigned randomly to one of four cooking endpoint temperature treatment groups, rare = 60°C, medium rare = 65°C, medium = 70°C, or well done = 75°C, and cooked accordingly. Forty-eight steaks, representing all cuts and quality grades equally, then were assigned randomly to each of 150 d for shear force assessments. Steaks were cooked on a Farberware Open Hearth broiler (Farberware Company, Bronx, NY) to the appropriate internal temperature for the assigned treatment. Internal temperatures were monitored with a copper constantan thermocouple inserted into the geometric center of each steak, and temperatures were recorded on a hand-held thermometer (Omega Engineering Inc., Stanford, CT). Steaks were flipped when the internal temperature reached half the value of the endpoint temperature. After allowing steaks to cool to room temperature for approximately 4 to 6 h, 1.3-cm-diameter cores were taken from each steak parallel to the muscle fiber. Shear force values were obtained using a Warner-Bratzler shear device (G-R Electrical Manufacturing Co., Manhattan, KS). A mean shear force value was the average of a minimum of ten cores sheared perpendicular to the orientation of the muscle fibers.
Data Analysis. For analysis, an attribute rating for each sample was based on the average of all trained panelists for an individual attribute. Statistical analyses were performed using SAS (SAS Inst. Inc., Cary, NC). Dependent variables were tested for significance by analysis of variance (ANOVA) using the general linear models procedure. Least squares means were generated and separated (P < 0.05) using the PDIFF procedure of SAS.
The statistical model for trained sensory panel ratings included main effects of USDA quality grade and cut and their two-way interaction. In addition, packing plant, cut × packing plant, and animal nested within USDA quality grade × plant were included in the model. The statistical model for Warner-Bratzler shear included main effects of USDA quality grade, cut, and endpoint temperature along with their two-way interactions. In addition, packing plant, day, cut × packing plant, and animal nested within USDA quality grade × plant were included in the model.
In order to determine the relationship between objective measures, trained sensory panel ratings, Warner- OLIKE = consumer overall like, TEND = consumer tenderness, CJUIC = consumer juiciness, DFLAV = consumer flavor desirability, IFLAV = consumer flavor intensity, MFT = trained muscle fiber tenderness, CTA = trained connective tissue amount, OTEND = overall tendency, TJUIC = juiciness, FLAV = trained flavor intensity, BEEFY = trained cooked beef flavor intensity, and FAT = trained cooked beef fat flavor intensity.
b Consumer panel used a 23-point hedonic scale where 23 = like extremely, extremely tender, extremely juicy, like extremely, and an extreme amount of flavor; 1 = dislike extremely, not at all tender, not at all juicy, dislike extremely, and no flavor at all. Trained panel used an 8-point hedonic scale where 8 = extremely tender, none, extremely tender, extremely juicy, extremely intense, extremely intense, and extremely intense; 1 = extremely tough, abundant, extremely tough, extremely dry, extremely bland, extremely bland, and extremely bland. c WBS = Warner-Bratzler shear force. *** = P < 0.001, ** = P < 0.01, * = P < 0.05, and † = P < 0.10.
Bratzler shear force values, consumer ratings, and correlation coefficients for each cut were generated using the PROC CORR procedure of SAS. Consumer ratings were averaged for each cut and for each carcass before the correlations were performed. (Warner-Bratzler shear force values obtained from cuts cooked to 70°C were used because the correlation coefficients were the highest for this endpoint.)
Results and Discussion
Trained Sensory Panel. USDA quality grade × cut was significant for two trained panel measures of tenderness (MFT, P = 0.04; CTA, P = 0.03) but not for OTEND (P = 0.06). For all measures of tenderness (Tables 1 and  2) , regardless of USDA quality grade, top loin steaks were rated higher than top sirloin steaks, which were OLIKE = consumer overall like, TEND = consumer tenderness, CJUIC = consumer juiciness, DFLAV = consumer flavor desirability, IFLAV = consumer flavor intensity, MFT = trained muscle fiber tenderness, CTA = trained connective tissue amount, OTEND = overall tendency, TJUIC = juiciness, FLAV = trained flavor intensity, BEEFY = trained cooked beef flavor intensity, and FAT = trained cooked beef fat flavor intensity.
b Consumer panel used a 23-point hedonic scale where 23 = like extremely, extremely tender, extremely juicy, like extremely, and an extreme amount of flavor; 1 = dislike extremely, not at all tender, not at all juicy, dislike extremely, and no flavor at all. Trained panel used an 8-point hedonic scale where 8 = extremely tender, none, extremely tender, extremely juicy, extremely intense, extremely intense, and extremely intense; 1 = extremely tough, abundant, extremely tough, extremely dry, extremely bland, extremely bland, and extremely bland. c WBS = Warner-Bratzler shear force. *** = P < 0.001, ** = P < 0.01, * = P < 0.05, and † = P < 0.10. rated higher than top round steaks (P < 0.05). Shackelford et al. (1995) reported similar findings for overall tenderness and amount of connective tissue determined by a trained sensory panel; they reported longissimus was more tender than gluteus medius, which was more tender than semimembranosus. This ranking also agrees with Neely et al. (1998) for the in-home consumer evaluations. In addition, no effects of USDA quality grade (P > 0.05) were found for the top sirloin for any of the tenderness attributes. Within top round steaks, High Select rated the lowest (P < 0.05) of the USDA quality grades for MFT and CTA; however, the tenderness ratings for the top round across USDA quality grades were all similar. Little variation in beef round muscles in Warner-Bratzler shear force and trained sensory panel ratings was found by Shackelford et al. (1997) who hypothesized that connective tissue associ- a OLIKE = consumer overall like, TEND = consumer tenderness, CJUIC = consumer juiciness, DFLAV = consumer flavor desirability, IFLAV = consumer flavor intensity, MFT = trained muscle fiber tenderness, CTA = trained connective tissue amount, OTEND = overall tendency, TJUIC = juiciness, FLAV = trained flavor intensity, BEEFY = trained cooked beef flavor intensity, and FAT = trained cooked beef fat flavor intensity.
b Consumer panel used a 23-point hedonic scale where 23 = like extremely, extremely tender, extremely juicy, like extremely, and an extreme amount of flavor; 1 = dislike extremely, not at all tender, not at all juicy, dislike extremely, and no flavor at all. Trained panel used an 8-point hedonic scale where 8 = extremely tender, none, extremely tender, extremely juicy, extremely intense, extremely intense, and extremely intense; 1 = extremely tough, abundant, extremely tough, extremely dry, extremely bland, extremely bland, and extremely bland. c WBS = Warner-Bratzler shear force. *** = P < 0.001, ** = P < 0.01, * = P < 0.05, and † = P < 0.10. ated with these muscles influenced these results. For MFT (Table 1) , trained panelists gave higher ratings (P < 0.05) for Top Choice top loin steaks than both categories of Select steaks. However, panelists gave similar CTA ratings (P > 0.05, Table 1 ) for top loin steaks across all USDA quality grades. Panel results for top loin MFT and CTA from this study follow the results of Smith et al. (1984) who reported trained panel scores by marbling groupings.
The interaction of USDA quality grade × cut was significant for TJUIC (P = 0.004, Table 1 ). Top round steaks were rated the lowest of the three cuts for TJUIC (P < 0.05) for each of the USDA quality grades, which also was found in the consumer evaluations (Neely et al., 1998) . Top Choice top loin steaks were rated the highest for TJUIC (P < 0.05) of all cut by grade combinations. Top loin steaks with Moderate marbling have been found to be juicier than Modest, Small, or Slight marbling (Smith et al., 1984) .
The USDA quality grade × cut interaction was significant for FAT (P = 0.0008, Table 1 ). For each USDA quality grade, top round steaks were rated lowest (P < 0.05) of the three cuts. No differences (P > 0.05) were noted between top loin and top sirloin steaks for the Select grade. Top loin steaks had higher FAT scores (P < 0.05) than top sirloin steaks within the Low Choice and Top Choice grades. Additionally, for both top loin and top round steaks, Top Choice steaks were rated higher (P < 0.05) than Low Choice steaks. Smith et al. (1984) reported top loin steaks with Moderate marbling were more flavorful than Modest, Small, or Slight marbling. However, none of the steaks in this study had intense beef fat flavor.
Of the flavor attributes, interactions were not significant for FLAV and BEEFY. Trained panelists rated top sirloin steaks higher than top loin steaks and top loin steaks higher than top round steaks for FLAV (P < 0.05, Table 2 ). This does not agree with Shackelford et al. (1995) who reported the muscle from the top loin to have more beef flavor than muscles from the top sirloin or top round. However, trained panelists rated top loin steaks higher than top sirloin steaks and top sirloin steaks higher than top round steaks for BEEFY (P < 0.05, Table 2 ). Top Choice steaks had more intense beef flavor (P < 0.05) than Low Choice steaks (Table 3) . Additionally, for both FLAV and BEEFY (Table 3) , panelists rated Choice steaks higher (P < 0.05) than Select steaks.
Warner-Bratzler Shear Force. Three interactions were significant for Warner-Bratzler shear values: USDA quality grade × endpoint temperature (P = 0.02), USDA quality grade × cut (P = 0.0007), and cut × endpoint temperature (P = 0.0001). Least squares means for USDA quality grade × endpoint temperature are presented in Figure 1 . Above 65°C, Choice steaks had lower shear values (P < 0.05) than Select steaks. With each quality grade (except high Select), shear values increased (P < 0.05) with increased endpoint temperature. Neely et al. (1999) reported consumer ratings for tenderness that followed the same trend for a quality grade by degree of doneness interaction.
Choice top loin and top round steaks had lower shear force values than comparable Select steaks (P < 0.05, Table 4 ). Smith et al. (1987) reported that Choice top loin steaks were more tender than Select; however, they reported no difference in shear force values between Choice and Select top round steaks. Shackelford et al. (1995) reported no difference in shear force between muscles from the top loin, top sirloin, and top round. However, for top sirloin steaks, only Top Choice differed significantly from the other grades.
Top loin steaks had the lowest shear force values (P < 0.05, Figure 2) , and top sirloin steaks were intermediate (P < 0.05) at each endpoint temperature. For the top loin and top sirloin steaks, shear force increased with endpoint temperature (P < 0.05). Overall like con- sumer ratings for top loin and top sirloin steaks also decreased with increasing degree of doneness Savell et al., 1999) . Top sirloin steaks cooked to the two lowest endpoint temperatures and top loin steaks cooked to the two highest endpoint temperatures had similar shear values (P > 0.05). Without question, WBS values for top sirloin steaks were more influenced by degree of doneness than were those from top loin or top round steaks.
Correlations Between Trained and Consumer Panels.
Consumer panel scores were autocorrelated (data not presented in tabular format) for all cuts. The trend for all correlations between objective measures (trained panel attributes and WBS) and consumer panel scores in these data is to have similar numbers within a given objective measure for all consumer ratings (Tables 5 to  7) , which may be explained by the autocorrelation. All of the correlations between objective measures and consumer panel scores were low (Tables 5 to 7 ). However, the strongest correlations exist for measures of tenderness (MFT, OTEND, and WBS) and consumer panel ratings.
This lack of relationship may be explained by the large role that degree of doneness plays in consumers' overall acceptability (Cox et al., 1997) and the poor association between Warner-Bratzler shear force and sensory tenderness scores among muscles (Shackelford et al., 1995) . Using the tenderness thresholds set by Shackelford et al. (1991) , the meat used in this study would be considered tender, which reduces the ability of objective tenderness measures to explain the variability in the subjective OLIKE ratings.
Although consumer attributes appear to be correlated and trained sensory panel attributes are also related to one another, trained sensory panel evaluations were not highly correlated to consumer panel evaluations. Although we were disappointed with these low correlations, many of the same cut or USDA quality grade effects reported by Neely et al. (1998 Neely et al. ( , 1999 , Lorenzen et al. (1999) , and Savell et al. (1999) were supported with trained sensory panel or WBS findings. There will continue to be important future uses in research for trained sensory panel, WBS determinations, and inhome or other consumer evaluations of meat. How they can be used to predict each other is a question that will be asked by meat science researchers for years to come.
Implications
There is an inherent difficulty in predicting consumer responses from objective laboratory procedures, such as trained sensory panels and Warner-Bratzler shear force. Far too many factors occur in households when preparing meat, such as cooking method, degree of doneness, seasonings added before, during, and after cooking, and person-to-person differences in preferences and thresholds for tenderness, juiciness, and flavor. This makes it difficult to predict from objective data how consumers will rate meat at home.
